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The control of lead cumulation in carrot /Daucns carota L/ plants or,
by some components of the substrate 11;
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Abstract. The elfect of organic maticr, phosphates, and calcium aund
magnesium salts in the substrate on the content of lend in carrot rools was
investigated, Humus as an 8% coymponeits of soil was found mest clfective, i
decreasing Pb content in carrot by almost 2/% in relation to plants from a
minetal substrate. Phosphor (800 mg P/kg d w.), calcium (1300 mg Cakg
dw.), and wagnesivm (240 mg Mgfkg dw.) used as fertilizers anch also an
increase in pH of soil from 5.1 106.2 considerably limiled the cymulation of

lead 1n cariol Yoots
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In recent decades the atfention of seieatists of diffcrent specialities has been
direcied to excessive amonals of heavy motals which appear in the nataral environment
owing to the rapidly developing civilization and present 2 wide spectrnm of toxic effects
-0 most living organisms. The subjest of the most frequent and comprehensive sludies is
lead as practically the only meial cumulated in hwnafl organisms in ameunts
approximating io the clinic level {Wicrzbicka, 1991). .

' In the ceosphiere the main source of lead is the combnstion of fuels and incustrial
emission. Lead penetrates inio the soil from Lhe atmosphere as dry (dusts) or wet (rait)
deposits and, being caplured by mocro-organisns and planis, enters the natural food
chain 1L is praclically unemovable from polluted soils sonce of ils total amount
accumulated in the soil a neglegible patt only is removed with crops of leached with rain
water inlo decper Javers of the substrate According (0 current estimates if all the sources
pollytion were eliminaied a 10% removal of lead from the amable soil layer by means of
Jeaching would lake about 200 years and by crop uptake about 604 years {Gorlach, 1991).
In the years 1980 - 1985 Kabata-Pendias and Pendias (1993) estimated that an
| average annual increase in lead conicnl in (he soils of Poland ameunted to 20 kgfkm:..
Owing 10 a strong tendency 10 ihe formation of insoluble compounds with numerous
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organic and inorganic constituents of the substrate, a greater part of lead ie fairy rapidly
immobilized in thesc structures  Nevertheless, it may 1eappear in the soil solution if
cerialn properties are changed, eg ils mineralization and acidification occur or ifs
sorplive capacity decreases, bringing about an increase in lzad comamination of plants vp
1o the point of an ecological disastet. Since the means of removing heavy metals from soils
are 1ot available yei, the endeavours of scientists aim 31 @ TEVEIse direction 1.e. at binding
ihe metals with substyates thus minimizing their activity In the roof zone of planis.

The aiim of the work was to invesligate the effects of varied [crtilization with peat,
phosphorus. calcium. and magnesium in conditions of pot expéritnents on the cumuiation

of lead in carrot (Dawcus carola L) 1o0ts.

Material and metheds

The investigation was atried out in 1990-1996 in the experimental fari of the
Deparunent of Vegetable Crops of the Cracow Agriculiwral University. The substrate was
composed of pubtied high-meor peat and w. i nd. These two consliluents were
chaacterized by a low content of lead {e about 10:mg/kg d.w. in peat and abaut 3 mg/kg
dw in sand, this béing in accordance with the limits of the natural backgronnd of #his
melal in Polish soils (18 ppm. Kabatr Pendias and Pendias, 1993). The average Eontent of
otganic matier in peat determined by annealing method was 95% d.w. The experiment
was conducted in four aubstrates of 4 controlled composition with:a va ied level of one of
the constitugnts tested: o
1 The soil of a vagied.content of organic matter:coptained 0, 3,:and 8% dw: of humas.

These substates might orrespond. with mineral, field, and organic.soils encountersd
in practice “ ‘
5 The soil of a vaded content of phosphorgs introduced to thc substrate wiih
imonocalcium phosphare at the doses of 50, 200 and 800 mg P/kg d.w
The soil of a varied pH value {calsium content) obtined by Hming with calcium
carbonate at the level of 600, 1500 and 5000 mg Ca’kg d.w. Reaction of the prepared
substrntes was 5.1 (acidic gubstrate), 6.2 (shightly acidic substrate), and 7.1 {neutral
substrae). .
4 The soil of a varied magnesium content of 60, 120, and 240 mg Mg/kg d.w. in the
form of magnesium sulfaic,

L

All 1he soils. apatt from the first one, contained §% of organic matter and, apart
from the third soil, were adjusted 1o pH 6.5 -6.7.

Macroelements were introduced at the level of 230 mg N, 250 mg K, 100 mg P,
and 60 mg Mg/kg d w., using puse reactive salts. The added microelements were derived
fiom {he microelement part of the muliicompanent VIS4 fertttizer

Milseherich pots 3 dm’ in volume were filied with the subsirates treaiod with
solution -of lead acetate in ithe doses of 0, 273; and 550 ing Polkg dw. This level of
comamination of the expetimental soils approximately corresponds to unpoliuted soils,
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soils from large orbaf agglomer2tio
emission,

The pots were placed in a ke

ceods were sown in-spring and the 5
planis were watered with redistilied »

cultnral practices being carried out during that period.

Dried material wis incinex
nitric acid solution lead acetate wi
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ns, or soils direetly affected by intensive Industping y)
fr

thed, six pofs being used in each experiment, Carpot I
L edlings (hinned ta § uniform plants per pot. Carrot s
7

cater up to the time of harvest maturity, he necessary

ted at 450°C and in the residuc dissolved in a 10%
s determincd using atomic absorption in a Varian

SpecirAA-20 spectrophotomeler in 4n air-acetylene flame.
Before the vegelation begyn and after

substrates were carried out, The confent of total lead w
EM produce, in a aitric acid solution diluted 1:1

in an MDS-2000 microwave oven, (ﬁ

, Each experiment was repeal
only quoted on account of an insignt
statistigally evalvated using analysis

the Student t 1est at the significancs tevel of 0.05. r

1. Carrots grown on the leagsfres substiate:conl ingd:2:3-
mineral soil with lead ingreased the cumulation of P

1o 43 Orand 55 4 mkg dw. as depending on its dase. In plaiﬂs from the substrate with a

roots (Fig 1). The coptamination cﬂﬂ’

39 comten! of organic matter the P

the lower and higher Fb dose, respec
32 7 and 36 0% of the level recorded in roots of plants grown in sand

lificant effect of the vegetalion season. The remlts wers

harvest of plants basic analyses of ihe
as determined in soil samples burnt

ed in the following year, though TWo-YEar Ineans were

of variance in a completely randomized design and

Resnlts

e i

- 4.0 mg Pbkg dw in

Pl {myrleg dow}

Organic matter (mg/kg 4.7 )

Figure 1 The control of lead cumplation
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2
3 Carrots assimilated lead at theilevel of 3.8 - < & mg/kg dw. (Fig2) In plants

f:lom the substrale containing 30 m, Pofkg dw. {he abgve value ingreased to 42.2 and 34.1
mgikg d w under the influence of the succesive doses of lead In the plant material from

subsirates treat
76 9% and 10 52.7 and 6

ed with higher doses of phosphorus the coment of Pb decreased 1o 62 1 and
6 2% as depending on the cortent of the fertilizer in soil.

e e

Pb {mgfkg o)

Lend dosis in
soil (mmg/kig
daw)

Phosphorus (mgfiyr d.w.)
Figure 2 The control of lead cumnalation in camrot plants by phosphorus in the substrate.

3. In earrots from comparative substrates the content of lead was 68 - 7.4 mg/kg dw.
(Fig.3). From the soil of pH 5.1 theuptake by rools was 257 and 32 8 mg Pb/kg dw.
as depending on the applied doses. An increase in pH to 6 2 lowered the level of lead
16759 ang 79.9% of the above values while with a further increase in pH the expected

improvement of resulis was not obtained.
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Figure 3 The control of lead cummlation in carrot plants by pH (calcium in the

substrale}
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4, Comparative T00ts of carrot contained 4.0 - 4.1 mg Poikg d.w. (Fig-4). In plants
frow the substrate with the <rallest.content of magnesinm the affect of 1he lead wreaimen

was the cumulation of 39.4 angd 57.9 mg Pbike daw The effect of ihe increasing level of
magnesimm in «oil was manifested by the redyction of Pb cumulation 10 32.7 and 86 0%
and 57.9 and 66.1% as depen 1 and the doscs of lead.
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Figure 4 The controt of Jead cumnulation in cartot planis by magnesium in the substrate.

Discussiun

Owing to the tendency of lead to form hardly soluble compounds with numcrous

soil constituents its concentration in thé soil solution is poor (from 0.1 to 19.0 pgrdm’),
being therefore regarded as a faily iuuobile elemment, Apart from its total ;content. the
uptake of this metal from soil by plants depends upon different relalions benwveen its forms -
and the organic and inorganic components of the substrate and alse physico-chemical
conditions in the soil complex, smudies on the status of lead in (he substrate and on the

conditions and mechanisms of ils migration perinitted varions atieunpts al the reduction of
!

its comnlation in plants by feasiblie cultural practiccs ;
The resulis of the discussed experiments showed fhat organic mallet as the

components of the substrate most efficiently limited the cumuilation of lead. i 1S siriking
{hat the content of this meial ig roois was reduced by about 1/2 and 2/3 gs depending on

he plani material obtained from mincal

the level of humus in seil in relation io 1l
Gaweda, 1993) and low-moor peat (Brej,

substrates. In mumerous studies high-mocr (
Fabiszwski, 1981), manure soil, compast, dry leaves (Bassul, 1986). straw. gawduat, tree
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park, dillerent xind of sewage sludge {Williams ¢t al, 1984}, and mmumicipal (Sam‘;z‘bcck,
1991) and industiial composis (Turski et al., 1980} were used as SOUrces of organic fnatter.
Tle oblained effects considerably differed as deponding upon the source of humus , i1
composition and pH., and in the case of sewage sediments and composts, upen the load of
Dheavy metals pound in them Nevertheless, the Tesulis show Lhat with the sufficiently high
level of organic matter in the substrate | the amounts of imimobilized Jead may reach a few
Lundred mg/kg dav Such an officicnt -action was shown by Licbhardt and Koske [(1974)
who introduced 50% ol compost to the substrate containing 300 ppm Ph. and did not
ohsenve any significant jncrease in lead by plants. '

Phosphorus treatment of soil also contribuied o 3 pronounced control of lead
uptake by €arvot. The effccts of phosphoTus were pooTer than these of organic raatter and
{le obtained reduction approximaied 10 30% in the most favourable case. On the other
prad it should be stressed that the application of phosphates cannot exceed the limits of
ecological safefy. since {heir cxcessive doses may bring about disturbances (in the
assimitaion of other minera constituents. The action of phosphorus fenilizers in a greal
measure depends upon the applied form of phosphale salt, it pH and dose. In the preseut
study disadium  orithophosphate NaHPO: (Rabinowitz, 1993). 1110no¢alci11m
orthophosphate Ca/HaPO4/ (Zimndahl,: Foster, 1976). dicalcium atthophosphate (aHPO,
(udel, Stelte, 1977), wnonopotassiim orlwophosphate KBPO: {Gotlach, Gambus | 1992).
oF moncammonium orthophosphate NHHPO, (Davenport, Peryea. 1981) were us:‘edu the
cutained results varying 10 a great degrec. The best effects werg recorded using galcium
safts. probably owing 1o e additional positive action of calcinm. Another significant
aspect of the protective 1ole of phosphorvs may be stressed This clement positively
influcnces tic condition and rhe Tesislance of ptants and limits the migration of lead to
plant Llops (Gaweda, 1996), precipitating it in il form of orthophosphates in cell walls
(*Nierzbicka. L9806}

An increase in pH of soit from 5 1 1o 6.2 with a sinmllancous ingrease in caleimm
cantent reduced the lead uplake in carrot raots by about 1/4 of the initial level. Apart from
lhe most {requently used caleium carbonale (chalk) (Sapek, 199 Jalso calcium oxide
(quicklime) (Truby, Raba, 1991) of calcium hydroxide (slaked lime) (Harter, 1983) have
beon applisd in (his 1yPe of experimenis. AS the most favourable results a decrease of
almost 30% in the content of lead in plant tissues was obtained. the result depending upon
e kind of soil and the range of pH variation One should also stress that in the case of
the two latter compounds characterized by strong alkaline properiies an increase in
yaaction of (he substrate is rapidly obtained with lower concentrations while the effects of
calcium carbonate are poorer bul persist for & longer time.

In the most lrvourable case the foriilization Witk ThagResium sulfate cffected 2
reduction of lead content in gavrol by about 2/5 in relation to control plants Thig result
shows thal magnestam in (he substrate also efficiently inhibits lead uptake by planis.
Magnesium cerlainly plays as effective a tole in soil as calcium yet it cannet be
compelitive for caleium on account of the costs and also of operative NOLMS Jirniting 13
use Nevertheless it may be applied as a complemeniary factor. Kabaia-Pendias (1979)
reached a similar conclusion in analysing the resulls of experiments with magnesiom

¢arbonale.
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The present resplis also show that organic matter, phosphates; and caleium and
magnesinm salls as components of the substrale strongly promate the removal of lead from
the envirommnent of carrot roots. Mt:is Interesting that agrotechnical recomnmendations
which might be proposed in (his respest, basicaily agree with general principles of
waintaining proper structure and fertility of soil The binding of the greniest part of lead in
soil struclures is an important achigvement yei m longer poriods with ihc changing
dynamic balance between their components, it may prove ilusory. The invesligation
concetning the migration of ieavy melals suggest that ondy a significant reduction of theit
flow to (e soil may solve {lx¢ problem of contamination of c10ps with these toxing

Conclusions

Qrganic matier was the factor most cfficiently limiting lead uptake by carrat rools,
Plants grown in soil with an 8% conient of humus cumulated 2/3 tess than yoots from a

minesal subsirate.
2 1n conditions of the experiment fenilization with a dose of 300 mg P/kg dw. in the

formt of monocalcinin phosphate decreased 1he level Pb in carrot by about 1/2 as

compared with control plants.
The adjustment of pH of thé substrate from.5.1 10 6.2 reduced the cumulation of lead in

roois by about 174 of the initial value.
High contenis of ealeium (1300 mg/kg d.w.) and magnesium (240 mg/kg dw.} in the

soil significantly reduced lcad uptake by carrot

o
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